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Learning Objectives 

 Understand certain family functionalities integrating geometry, data and logic rules 

 Envision how API can help overcome the limitation in families by simplifying their creation and 

improve their overall use 

 Envision how API can help overcome the limitation in families by simplifying their data 

acquisition and synchronization 

 Understand how the API can help organized business logic by creating more suitable user 

interfaces 

 

Description 

This class will discuss how to create complex building-site parametric tools (crane, formwork, security) 
thanks to Revit software family’s technologies and its API. We will focus on the practical-use cases 
where the combination of these 2 technologies can assist engineers in the proper choice of crane, 
optimized formwork, scaffolding, security materials, and other site equipments. In order to achieve this, 
it is crucial to understand both the manufacturers and our company’s security and productivity rules and 
guidelines and synchronize them both to best equip our engineers and sites. 
 

 

Your AU Experts 

With over a decade of experience in construction both on site and off site, Merri joined the French 
leading general contracting company Vinci Construction France’s BIM team at its inception in 2011. 
Having worked for Bouygues Construction, Merri has been a keen Revit user since 2010 and as of 2011, 
He is now responsible for the BIM implementation in Vinci’s Construction France, in charge of Revit 
integration within design teams, technical departments and cost estimations to construction sites.   

As an Autodesk Developer Network Member (ADN), Merri focuses on custom software development and 
takes an active part in the Autodesk Beta Testing Program. As an expert in the Revit software API, he has 
developed and deployed Vinci’s in-house plugins and tools accelerating business workflow among BIM 
products. Finally, as a BIM evangelist in Vinci, his role includes the training supervision and technical 
support for all subsidiaries in France. 
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1 Introduction

 

The goal of this presentation is to show you, through different use cases, how we start implementing a 
building site tool library in Autodesk Revit during the past few years. But before diving through the detail 
of this implementation in the software, I would like to explain quickly what is our main business, what 
lead us to create such intelligent tools and the actual and future benefits we focus on.  

 

 

2 The context 

 

2.1 The Group main activities and BIM knowledge 

 

VINCI CONSTRUCTION FRANCE (VCF) is the French subsidiary of Vinci Group (World leader Construction 
Company). We are 20 000 employees spread in a lot of small business units in France. VCF is a general 
contractor, and his main activity is the concrete construction. That means that Vinci’s engineers are 
specialized in concrete staff and other jobs are subcontracted but Vinci deal with the overall 
coordination and logistics.  

There are 4 main jobs in VCF:  

 Cost estimators realize the overall pricing study and planning 

 Temporary worksite designers and site planners also called “Methods”: I will come back to this 
later because they are the only parties concerned by the building site tool library in Revit. They 
also play a key role in the company process 

 Structural Engineers realize structural load calculations, rebar and concrete dimensioning, as 
well as execution plans 

 Building site engineers coordinate financial and human resources, and also ensure the overall 
coordination and security.  

VCF started to implement BIM in 2011. The subject became more strategic since the European Council 
decided last year to make the BIM mandatory in all public tender.  

In Paris, a team of ten people has first been created to answer different questions:  

 Which BIM software should Vinci use?  

 What is the gain of BIM inside the company?  

 How to structure the organization around BIM Projects?  

Now the team role is more about:  
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 Implementing templates, libraries and plugins to speed up document production 

 Training  

 

 

2.2 The Methods job and his key role inside Vinci 

 

Historically, Methods engineers were the first who tried to embrace the BIM, because they need the 3D 
so as to resolve and explain specific building construction operating procedures, show safety and 
shoring layout plans.  

 

At the same time, since 10 years, VINCI CONSTRUCTION tend to homogenize the way of preparing and 
organize building sites into one single common process called Orchestra, by picking the best practices 
from the subsidiaries.  

As we can see below, the process look like a wheel (like BIM) and Methods Engineers are playing the 
biggest part of it (blue and green section of the Orchestra wheel).   

 

 

FIGURE 1: ORCHESTRA PROCESS 

 

According to the Orchestra process, Methods production documents are the following: 

 Bill of quantities to edit construction planning: the idea is to get automatically an Excel 
document which describes quantities per elements (wall, column, beam ….) and areas, and 
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group these quantities according to specific dimensions and construction methods (wall cutting 
by formwork available heights for example).  

 Constructive options layout: this consists on a project per-element color visualization according 
to the construction methods chosen (different color for concrete cast in place or precast for 
example) 

 

FIGURE 2 EXAMPLE OF CONSTRUCTIVE OPTIONS LAYOUT DONE IN REVIT 

 

 Crane dimensioning and positioning depending on the building footprint geometry, building 
components to lift and associated quantities, and site environment 

 Crane activity calculation achieved by getting building liftable components quantities and 
applying crane duration for each task. Crane activity calculation is done to erect the planning.  

 Site installation drawings  

 Daily or weekly phasing with associated wall formwork, propping and safety equipment as well 
as material (concrete pouring volume or precast units) quantification. The most tedious part 
today is the daily block by block equipment layout because of the few intelligence of AutoCAD.  
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FIGURE 3 PLANNING DRAWING PER DAY WITH ASSOCIATED WALL FORMWORK 

VCF was looking for a BIM software able to easily implement this process. Revit was chosen because of 
its following capabilities:  

 Schedules for drawing quantifications 

 Phase module and parts command in Revit for pour sequencing 

 Color filtering by attributes to show construction relation of building components 

 Equipment library creation: we can easily create highly parametric components in Revit using 
the family editor. For this specific point, everything has to be created from scratch.   
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FIGURE 4 THE METHOD ENGINEER JOB 

 

2.3 Why creating a building site tool library?  

 

Methods Engineers are used to work with a huge 2D DWG static blocks library (very few dynamic blocks 
in fact) and they use a bunch of custom lisp / VBA tool in AutoCAD in order to speed up their drawings. 
For the quantification process, they use Excel data extractions (blocks attributes extractions) and 
introduce sequencing and construction methods notion by filtering with AutoCAD layers. Revit will 
immediately improve their workflow by adding 2 features:  

 Scheduling by attributes or by components 

 Sections and view plans are automatically updated 

Most of the blocks in the Methods 2D library come from the building site tools providers who export 2D 
projections of their 3D fabrication models. Since it was 2D blocks without intelligence, it wasn’t a big 
deal for manufacturers.  But since the introduction of BIM, we started asking them for 3D models: most 
of them refused arguing it is too confidential. In some rare case we got it but it was not useable (too 
heavy detailed STEP files showing all the bolt).  
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FIGURE 5 STEP FILE EXAMPLE FOR VERTICAL FORMWORK 

 

The most advanced Methods offices in 3D were using Sketchup, because the 3D was easy and 
affordable, and because the Sketchup warehouse is the most popular platform where you can download 
3D building site tools with a realistic aspect. But as it has been created by people and not the 
manufacturers, there is no guarantee about the dimensions (and it is really important when you make 
the temporary design drawing to deal with the exact space requirements). And last but not least, 
importing a Sketchup file in a Revit family slow down Revit models and graphics styles cannot be 
personalized (for example, apply Revit materials in order to render in Revit is not possible and you must 
stay in shaded view to see sketchup textures). 
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FIGURE 6 3D SKETCHUP EQUIPMENT IMPORTED INTO REVIT FOR BUILDING SITE INSTALLATION 

 

 

FIGURE 7 AND WHEN WE TRY TO RENDER IN REVIT... OUPS! 
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FIGURE 8 TRIANGULARISATION IN SKETCHUP SLOW DOWN REVIT PERFORMANCE! 

 

2.4 Why Revit was chosen?  

 

Here is an exhaustive list of the reasons Revit was chosen:  

1 Distinction between 3D views and 2D schematic views  
This is very important because in 2D, it is better to keep only the strict relevant details so that 
Engineers are able to label and make annotations without overloading the drawing 
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FIGURE 9 DISTINCTION BETWEEN 2D AND 3D VIEWS: WALL FORMWORK EXAMPLE 

 

 

FIGURE 10 DISTINCTION BETWEEN 2D AND 3D VIEWS: SHORING TOWER EXAMPLE 
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FIGURE 11 DIFFERENCE BETWEEN A 3D PROJECTED AND A 2D SCHEMATIC VIEW 

 
 
2 Being able to start working with 2D components without being forced to model all the 3D 

details 
This is a good transition from AutoCAD: Methods engineers can gradually migrate their library in 
2D parametric block first (elevation and plan view) and then further model the 3D view when 
they have time. The advantage of working in 2D views in Revit compare to AutoCAD, is that 2D 
elevations and plan views are linked together and you can create parametric intelligence in 2D 
(similar to dynamic block modules in AutoCAD but a lot easier). Tower crane components is a 
good example because if you modify the jib, it will be modified both in 2D plan and elevation 
views which is not possible in AutoCAD (you still have to deal with two separated dynamic 
blocks).  
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FIGURE 12 EXAMPLE OF CRANE DYNAMIC BLOCK ON AUTOCAD 
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FIGURE 13 ... AND THE 2D EQUIVALENT PARAMETRIC BLOCK ON REVIT 

 

 
FIGURE 14 SAFETY PLATFORM IN PLAN AND SECTION VIEW 

 
 
3 The ability to have 3 levels of details 

This is very useful when we deal with a lot of components in one single Revit file (a typical 
example is the day by day formwork sequence). It offers a good way to work with many blocks 



Create Complex Building Site Tools with Revit Families and API 

 
 15 

 

in the drawing without performance costing in Revit. It is also a good way to switch from a very 
simple view (with only the details we are interested in) to a more realistic view for on-site 
communication. The wall formwork family is a typical example: in coarse view, we only want to 
show the holes made tightening devices so that we are able to see their exact positions.  

 

 
FIGURE 15 DIFFERENT DETAILS LEVELS SHOWING DIFFERENT INFORMATION 

 
 
4 AutoCAD compatibility in 2D and 3D 

When a DWG drawing is imported and exploded (and it is highly recommended to so if you 
don’t want to have performance issues and if you want to be able to assign different materials 
on your different volumes) into a Revit family file, we can get AutoCAD layers – which become 
Revit Object styles – and retrieve 2D and sometimes 3D geometry (works only if you have 3D 
geometry which appears as “Solid objects” in AutoCAD). These features help our Methods 
department to quickly build a Revit Library from their CAD library.  

 

 
FIGURE 16 SOLID 3D ARE KEPT AS FREE FORM VOLUME WITH HANDLES WHEN EXPLODED IN REVIT 
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FIGURE 17 DWG DRAWING BEFORE WE APPLY EXPLODE COMMAND (IT IS ONE SINGLE IMPORTED SYMBOL) 

 

 

FIGURE 18 SEVERAL 3D WHICH ENABLE US TO APPLY SEPARATE OBJECTS STYLES 

 

 

 
5 Family nesting feature enables us to breakdown complex families into simple pieces and 

make maintenance operations easier 
Revit families enable communication between host family and its children, so there is no loss of 
information. Maintenance is also simplified because if you want to later add more details into a 
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nested family, you can do it without breaking the overall component. On our complex families 
we often have at least 3 or 4 nested levels 

 
FIGURE 19 IMBRICATION EXAMPLE FOR THE TOWER CRANE FAMILY 

 
6 Family interactions within the Revit project environment 

In Revit, there are many interesting features that allow families to interact within the project. 
Depending on the template we choose we are able to enhance specific materiel component 
interactions:  

 

Revit Template Features and usage example 

Wall based 
 

 

 Automatically get the thickness from the wall and apply the 
value to the distance between the two panels within the 
formwork family. The family is also hosted into the wall which 
simply the formwork alignment process within the project:  
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 Metal clips insertion on walls is also simplified by this feature:  
 

 
 

Face based family 
 

 

 This allow the equipment to align on non-vertical 
construction plan. This feature can be used to represent 
inclined formwork: 
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 …Or to quickly position push-pull props supports: 

 

 
 

 … Or quickly place wood girders under the concrete floor 
without specify any elevation 

 
 

Two level based 
 

The ability to constrain the family on two levels (base and form level): 
useful for shoring tower layout: 
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Cut with voids when 
loaded 

 
 

 

 The ability to leave concrete holes due to the tightening 
devices after placing vertical formwork. When the formwork 
family is hided, holes are staying so we can precisely make 
some positions checking 

         
 This can be also useful for structural engineers to get the 

exact position of the anchoring fasteners and their loads from 
the Methods’ safety layouts drawings: 
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Adaptive components for 
placing tools 

 It allows to place a brace or a push-pull props by two points 
while respecting the maximum permissible distance for 
example 

 

  
 
 
 

 
 
7 Simple database connection:  
 
 

Type Catalog This feature enable us to store type parameter values into a txt file. We use it for 
example to generate different formwork modules from a csv file: 
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Lookup Tables 
 
 

This feature offers the ability to create multiple part sizes without creating a separate 
family type for each size. Values are defined in a comma separated values csv file. We 
typically use it to store load curves information according to the jib length and the 
fork lift position:  
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8 Scheduling and tagging features 
 

Phasing and schedule 
capability 

 The equipment order is based on the location duration, the 
user rate and the maximum equipment needed during a 
phase. By using the Phasing and Schedule feature in Revit, the 
exact building site needs can calculated:  
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Ability to share nested 
families in order to 
schedule them  

 
 

If you check “Shared” property on nested families, it makes them visible 
inside the Project so we are able to schedule them 

 
Tip: it is a good usage to prefix nested elements so that they can be 
distinguished in the project browser 

Use Shared parameter to 
schedule and tag within 
the Project 

The tag feature is very useful when you want to indicate on execution 
drawings the crane characteristics for example:  
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9 And other modeling and constraints capabilities 
 

I won’t go in detail for this topic (I can talk about this many hours), but you can find very interesting 
tutorials on different blogs or AU or RTC learning section (I quote below some very interesting 
example I found):  

 

Adaptive components to 
create articulated arms 
with specific constraints 

 

 Adaptive big crane example (thanks to Julien BENOIT, you can 
find a video tutorial on his blog: 
https://aecuandme.wordpress.com/ ) 

 
 

https://aecuandme.wordpress.com/
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 Construction lift family using the “ride the rail method” (thanks 
to Marcello Sgambelluri, RTC North America 2012) 

 

 
 
 

And other modeling and 
constraints capabilities:  

Curve formworks, yes it is possible! You can contact me if you are 
interested in, I may organize a lab next year:  
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10 And Finally the API connection 
 

Thanks to the Revit API, we can benefit from the .NET Framework in order to: 

- Make very friendly user interface (WinForms or WPF)  
- Reduce formula complexities inside families 
- Easy link your custom families with more powerful database (SQL Server, Access) than a .txt or 

.csv files.  

 

2.5 The global road map 

 

When the road map for each custom building site tool family has been established, we had to deal with 
the following common constraints:  

 The family has to be realistic in 3D and schematic in 2D 

 The geometrical envelope of the family must comply with the exact manufacturer dimensions: it 
is important when for example a crane is located into building infrastructure:  
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FIGURE 20 CRANE BASE INSTALLATION : EXACT DIMENSIONS ARE CRITICAL 

 

 Full compliance with the company’s graphic charter: due to a communication issue, the building 
site installation – and indirectly the building site tools - must reflect the identity of VINCI 
CONSTRUCTION FRANCE:  
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G  

FIGURE 21  VINCI’S TYPICAL BUILDING SITE INSTALLATION WITH GRAPHIC COMPLIANCE 

 

 Automatic extraction of all the family parts including their references in order to have a clear 
vision of what has to be delivered on site 

As we were thinking of this, other ideas come into our minds: why not fully use the Revit family’s 
features in order to have more intelligent component and help more our decision making process as 
well as our drawing process?  

As Revit family features offer attributes management to store data (type parameters, lookup tables) we 
decided to add sets of information like:  

 Equipment weight: in order to check if it is liftable by human or crane and check work 
painfulness 

 Setup and takedown time in order to measure the real impact on the planning (great height 
shoring are particularly time consuming)  

 Packing dimensions and space requirement regarding the equipment quantity being delivered: 
this helps us better define necessary storage area on the building site 

 

As Revit family features also offer the ability of constraining throughout formulas, we decided to 
integrate as much as possible: 

 Manufacturers’ rules: equipment dimensions regarding loads for example.  
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 Internal company’s rules: safety rules that are often more constraining than manufacturers’ 
rules 

Aware of that, the main risk is going too far in the details. That is why we must find a good balance 
between the time spent on the library creation and the time saved in productions drawings thanks to 
the library.  

 

3 Implementing the custom families in Revit 

 

The implanting process leads us to always ask the same questions. These questions must be answered 
before diving into the family editor. If not the risk is to entirely redo the family if we miss something. In 
this chapter I will list all the questions we identified as important.  

 

3.1 The detail road map: all the questions to be answered before starting 

 

1. Family interaction and behavior within the Project:  
Here is described:  

o How the insertion point(s) is defined: how many? Positions? For example, the 
formwork insertion point will always be on the bottom right in order to make the sheet 
layout drawing easier :  

 

 

 

The same logic is also applied for the shoring towers:  
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It is very important not to change over time the insertion point position and keep the logic 
consistency! Later we plan to develop plugins which will use these reference points in order 
to helps sheet layout drawings by automatically inserting these families in the project (see 
final chapter called “What’s the next step”).  

 

o Strong or weak reference plane? In the family editor, which reference plane should be 
used to annotate or to align on can be specified. This will have a huge impact on your 
drawing productivity (positioning, annotations):  

 

FIGURE 22 INDICATION IF THE REFERENCE PLANE WILL BE USED OR NOT WITHIN THE PROJECT 
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FIGURE 23 ABILITY TO ANNOTATE SAFETY PLATFORM EXTENSION ON THE DESIRED REFERENCE PLANE 

 

o Add flip controls? In the family editor, flip controls can also be added which helps user 
change the orientation of the family on a specified axis within the project  
 

 
 

o Host or face based family? These features help the family interact with the building 
components. Host feature is the only way (without the API) to let the family react 
depending on the host dimensions (wall thickness for example). Because of this 
interesting feature, we initially chose wall host family for the wall formwork. But we 
found some limitations: if we want to form a beam, or represent the formwork alone, it 
is impossible as the family need a wall category host. You also have to be aware that the 
host feature does not work on linked Project (only face based family does).  

o Which Revit category to choose? Revit categories are the main internal Revit 
classification for building components and it helps us in many ways filtering the families 
within the project (through the view filters, schedules, tags, project browser, calling 
object commands). Sometimes it also influences how the 3D is cut: for example 
Mechanical Equipment are never cut while Generic model can be cut.  
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FIGURE 24 3D SAFETY PLATFORM NOT CUT IN SECTION 

PLAN 

 

FIGURE 25 THE SAME SAFETY PLATFORM CUT 

 

 

 

2. Visual level of details in 2D and 3D views 
 

- Use detail components: sometimes, it is better to not show the projected 3D geometry in plan 
and elevation views (because this will lead to too many overlapping geometry). A good practice 
is to replace 3D geometry by nested detail components – whose special feature is to only be 
visible in 2D - in 2D views. 

 

 

 

This particular template make the 
geometry only visible in section an plan 
views (not in 3D view) 

 

 

 

We check the options that make the 3D 
geometry only visible in 3D:  

Nesting 
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- Define level of details: we also define the visual detail level for the 3 Revit scenarios (coarse, 
medium, fine). This will help create views with only specific details (like wall formwork 
tightening device positions), and create other views with all the 3D details for communication 
needs 
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3. Geometry constraining parameters definition 
All parameters which have a direct influence on geometry constraining and visibility. At this 
step, it is important to carefully – take time to weigh the pros and cons - choose between 
instance and type parameter (this will have a big influence on the project side and on the family 
structure). The naming convention is also very important (tips: do not use space or characters 
that can be used in formulas).  
 

 

FIGURE 26 NESTED COMPONENTS AND THEIR SIZING PARAMETERS 

 

4. Data parameter definition 
All parameters not related to geometry but being used to get schedulable and tags information. 
At this step, as I said previously, it is important to choose between instance and type parameter 
and define with consistency a naming convention.  
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FIGURE 27 DATA SHARED PARAMETER GROUPED UNDER DATA TAB 

 

5. Schemas which resume the relationship between parameters 
This will help us to build the parameter formulas in the family editor or to define the general 
algorithm and user interface logic if we choose to use the API (see API section).  
 
 
 
 

 

FIGURE 28 RELATIONSHIP BETWEEN PARAMETERS 

6. Separate direct user input parameters from the others 
This is a very important step. If you do not use an API user interface, you will want to group all 
these input parameters on the top list and on a separate section in the property panel, so that 
the user directly clarify his choices. Since the 2015 Revit version, you can also define in read-only 
all the parameters that are no direct user input.  
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FIGURE 29 USER DEFINED PARAMETER DIAGRAM 

 

7. Inventory of all the equipment accessories and manufacturer codification logic integration 
This step will help us build all the nested components and prepare the overall nested schema.  

 

FIGURE 30 ALL THE ACCESSORIES OF A TYPICAL SHORING TOWER 

At this stage the naming convention is important as well as a good windows folder classification. 
It is important to at least write in the file name:  

- The module dimensions and reference 
- The family template category you use (Detail Item or Generic model for example) 
- The view type the component will be used in (3D, elevation or plan view)  
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- Tips: do not use () but [] instead because otherwise you will get an error when loading the family 

 

FIGURE 31 FILE NAMING CONVENTION 

It is also important to specify for each nested component an insertion point that should not 
move overtime (it will help maintenance and further replacement):  

 

 

FIGURE 32 SHORING TOWER ACCESSORIES AND THEIR INSERTION POINT DEFINITION 
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FIGURE 33 TOWER CRANE ACCESSORIES AND THEIR INSERTION POINT DEFINITION 

 

8. Global nesting schema and parameters linking 
We define the global nesting structure and how parameters are linked between host and nested 

components 
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FIGURE 34 GLOBAL NESTING STRUCTURE: SHORING TOWER EXAMPLE 
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FIGURE 35 GLOBAL NESTING STRUCTURE: SAFETY PLATFORM EXAMPLE 

 

 

3.2 Two different ways to build a custom family 

 

During our implementation process into Revit we identified two opposite ways to build a family, both 
with the pros and the cons:   

- The first way is what I like to call “Like in real Life”. The idea is to build as many “static” .RFA file 
as there are machined components and nest them into a global family while applying 
constraints.  

- The second way is what I like to call “Generic component”. The idea is to create generic 
components and switch from one supplier’s brand to another by simply change the parameter 
values.  
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FIGURE 36 TWO WAYS OF BUILDING A FAMILY 

 

There is no best solution but I will describe you the pros and the cons in order to make you form your 
own opinion:  

 
 
3.2.1 Process number 1: Like in real life 
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FIGURE 37 TOWER CRANE FABRICATION PARTS AS IT WILL BE ASSEMBLED ON SITE 

  
 
Pros: 

- If we have already a 3D DWG library, it is easier to import those geometries into nested 
components without having to redraw everything. 

- This method allow having in your family a more detailed and realistic geometry  
- It is a very intuitive way to build the family and makes it easier to reference each nested 

component according to the supplier codification.  
- Scheduling will be based on the “shared” nested components and their internal codification so 

no need to add extra information parameter values based on condition or formula 
 
Cons:  

- The same equipment exists in a wide variety of suppliers so it become tedious to build and 
maintain lots of nested components files 

- It becomes tricky when we have to decide a common nested structure for the same equipment 
 
 
 
3.2.2 Process number 2: Generic component
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FIGURE 38 ONE WALL FORMWORK GENERIC COMPONENT WHICH DEAL WITH 3 DIFFERENT PROVIDERS 

 

Pros: 

- This method is less time consuming from the drawing point of view (less 3D details). But on the 
other hand it become a little bit more tricky from the parameter / constraint definitions point of 
view 

- It makes maintenance a lot easier and the integration of a new same equipment – with the 
same working logic - is simply done by assigning new existing parameter values (using type 
catalog or Lookup Table process) 

- Less 3D details involves lighter weight family files weight and increases Revit performance 
during the drawing process  

 
Cons:  

- This method does not deliver realistic design because geometry has to be simplified in order to 
be reusable (all the specific brand details, if it does not play a key role on the working site logic, 
are automatically removed) 

- A lot more dimension parameters are involved to meet all the particular requirements  
- Even though the geometry is simplified, scheduling parts still needs to be detailed: it is then 

necessary to add extra parameters and conditional formulas in order to take into account all the 
specific supplier scheduling requirements  
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Since Methods Engineers in Vinci do not need fabrication details but are focusing more on layout 
functionality and space requirements, the “Generic Component” approach has been adopted.  
 

 
FIGURE 39 GENERIC FORK AND ALL THE DIMENSION PARAMETERS IT INVOLVES 
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FIGURE 40 GENERIC TOWER CRANE MAST WITH CORRESPONDING DIMENSION PARAMETERS 

 
 

 
FIGURE 41 GENERIC FORK LIFT WITH CORRESPONDING DIMENSION PARAMETERS 
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FIGURE 42 CRANE JIB ELEMENT AND CABIN DIMENSION PARAMETERS DESCRIPTION 

 

  
FIGURE 43 REAL LIFE ELEMENT VERSUS GENERIC ONES: NOT SO MANY DIFFERENCES!  
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Real life Components (fabrication needs)… …versus Generic Components (temporary worksite 
designer needs) 
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4 Pushing the Revit family limits with the API 

 

4.1 The added value of API 

 

During the implementation process in our company, even though family features are great, we deals 
with some limitations. Our API understanding helps us to find workaround in order to achieve our 
objective:  

 Data amount: it can be very tricky when we have to deal with a lot of data inside the 
same equipment. We can still use Lookup Table feature but we are limited to dimension 
parameters (we cannot call string parameter for example) and if we change the data we 
have to reload the .csv file into each family which is time consuming. Last but not least, 
Revit restricts to users the data structure and file format and these files cannot be 
shared on a secured server with user rights or on a public website.  

 Formula complexity: in some cases formulas are hard to implement - lots of conditional 
statements, unit restriction -, hard to read, and manual typing can be error-prone. 
Programing helps organize in a more friendly way calculations logic.  

 Maintainability across CAD Solutions: in computer sciences it is always better to 
separate programming layers: it is called “separation of concerns”. This is possible with 
Revit API because it is using the Microsoft.NET platform and an object oriented language 
(C# or VB.NET). “Separation of concerns” in programming distinguish 3 layers:  

o Data layer: it describes how we retrieve the data from a storage file like a .CSV 
or .XLSX file  

o Business layer: it defines business objects – with its properties and methods - 
and describes how business objects interact with data. In our case, a business 
object could be a crane or a wall formwork definition (in fact, it is the same way 
Revit API define building components objects).  
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o User interface layer: it describes - thought graphical user interface controls – 
the interaction between the user input and the business layer. 

This 3 layers concept enables us to maintain for each custom equipment a common 
database and business layer without being software dependent. We only have to deal 
with specific user interface layer for each CAD software because the interaction with the 
component is software dependent.  

 

 
FIGURE 44 SEPARATION OF CONCERNS AND CODE REUSE BETWEEN CAD SOFTWARE 

 

 Graphical User Controls: in the Revit API, we can benefit from the great Visual Studio’s 
graphical controls (Windows Form, WPF) in order to build a more user friendly dialog 
box than the default family property panel in Revit. For example we can: 

o Create combo box item values onto instance parameters while restricting 
choices. The only workaround to do this without the API is to use Family Type 
parameter and nest family types into the final family. This increases the 
complexity of the family creation and has one limitation: all the nested types of 
the same category will appear on the final list even if they are not related.  

o Separate into different tabs the decision stages: this helps reduce the overall 
user interface and guides the user step by step 

o Allow chain reaction between parameter values through event control: very 
useful when you have multiple cascading choices 

o Easily restrict user choices by fixing minimum/maximum values or step 
increment on graphical controls without using any if statement.  

 
4.2 API useful functionalities and .NET framework tools 
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During this chapter, we will see different features I am using in order to achieve an API “bridge” 
between the user interface (.NET graphical controls) and the Revit families. Then we will see some 
useful features that .NET framework provides in order to create great both user interface and data base 
connection.  

 

4.2.1 Revit API useful features 

 
1. How to deal with Revit family selection 

 
Some sample code show how to prompt the user to pick an Element in Revit and specify on 
which category to filter:  

 

 

 
 It also describes how to retrieve the user current selection in the project:  
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2. Deal with Revit unit 
 
In order to deal with unit conversion without knowing the current project unit, the Revit API 
provides a very useful class called “UnitUtils”. For example if you always play with centimeters 
unit in your custom UI, you just have to specify it by passing it as an argument when you get / 
set dimension parameter values from / to Revit.  
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3. Retrieve or set values both type or instance parameter 
 

In the sample SDK folder there is a great piece of code called “ParameterUtils” which describes how 
to get/set parameter information base on its Storage Type (Volume, Text, ElementId, length):  

 

 
 

 
 
 

To retrieve an instance parameter, this is very straightforward:  
 

 
 

To retrieve a type parameter on an Element, you have to write one more line of code: 
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As much as possible, when you call Revit internal parameters (for example wall length, volume or 
surface), it is best to use BuiltInParameter enumerations so it will not be language dependent (it 
means your plugin will work both on English and French Revit version):  

 

 
 

 
 

And if you do not know which enumeration matches your parameter name, you can simply use 
Revit Lookup plugin which is freely provided on the following GitHub link: 
https://github.com/jeremytammik/RevitLookup/releases/tag/2016.0.0.6 :  

 
 

https://github.com/jeremytammik/RevitLookup/releases/tag/2016.0.0.6
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4. Displaying modeless form  

In most cases, it is very convenient to choose equipment family options on a windows form and 
keep it open while working on the project: these forms are called Modeless Form (as opposed to 
modal dialog which blocks the application flow until information required to continue is 
entered). It allows us to see both equipment options and the project context (if you want to 
measure the wall length while choosing safety platform dimensions for example):   



Create Complex Building Site Tools with Revit Families and API 

 
 57 

 

 
 
Unfortunately, Revit API does not allow us to make use of transaction outside Revit external 
command context, in other words you cannot write parameters values while keeping your 
windows form open). But there is a workaround in order to achieve this result: this is explained 
on Jérémy Tammik blog “the building coder”. He suggests to use Idling Event or External Event 
features. If it does not sounds familiar to you, he kindly implemented two ready-to-use 
templates in the Revit SDK Sample Folder:  
 

 
 

 
 
4.2.2 Useful .NET Tools 

 

1. Make use of powerful graphical controls  
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FIGURE 45 VISUAL STUDIO ENVIRONMENT AND ITS NUMEROUS GRAPHICAL CONTROLS 

 

 

2. Create business oriented objects 
 
Programming with Revit API allow you to take advantage of object oriented language features. 
That means that you can create specific business oriented classes like crane, wall formwork with 
their own properties and methods (methods can be specific Excel data querying, or read/write 
parameters values in Revit). Objects oriented language also allow us to create very generic 
classes and inherit more specific classes while keeping parent class properties and methods (for 
example we can inherit tower crane from a generic lifting equipment class). You can also (like 
the nesting feature in the family editor) nest classes into other classes (for example a tower 
crane class could contain: a fork lift class, a ballast class, a load curve class, etc.) in order to 
break down complex object structure into simpler objects.  
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FIGURE 46 A TOWER CRANE CLASS DIAGRAM EXAMPLE 

 
 

3. Interact easily with database 
You can use the .NET framework API in order to interact with Office softwares (Excel, Access) or 
SQL Data Base. Use Linq (Language Integrated Query) features to quickly and easily query 
object collections in a human readable language: 
  

 
 
You can also use additional free open source libraries in order to query and fill in data object 
collection from Excel with fewer lines of code. Good example I found are LinqtoExcel, MoreLinq, 
or EEPlus. One interesting feature in LinqToExcel is to create object collections by matching 
Excel column header name with the corresponding object property.  
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FIGURE 47 EXCEL DATA WITH NAMED COLUMN HEADER 

 

 
FIGURE 48 OBJECT DEFINITION WITH NAMED PROPERTIES THAT MATCH EXCEL NAMES 

 

 
FIGURE 49 SIMPLE QUERY WHICH FILL IN THE OBJECT COLLECTION 

 
 

5 Real case study in VINCI CONSTRUCTION FRANCE 

 

During this chapter I will show you different usages of the Revit family and API features in order to make 
our custom equipments a little bit more “clever” than we are used to in AutoCAD. I hope it will give you 
some good insight when you will come back to your offices.   

 

5.1 Tower crane 

 

Global requirements specification for tower cranes are:  

- A helping user decision interface: because there are a lot of criteria to consider when choosing a 
crane, the interface must guide step by step the user.  
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- Once the crane is chosen, when inserted into Revit, the drawing must show all the relevant and 
up to date information for the application dossier (mayor’s office authorization) 

- Easy data storage and maintenance 
- Easy family maintenance by creating generic components 

 

1. Helping decision interface:  
 

We decided to create a user interface organized in 2 tabs:  

- The first tab is regrouping the main criteria which help Methods Engineers filter the cranes that 
matches:  

o  Reference area wind speed (this restricts the maximum hook height) 
o Crane base options based on its space requirement and load dimensioning 
o Jib length by measuring in the Revit drawing the building footprint 
o Minimum hook height also by measuring in Revit elevation view the maximum building 

height covered by the crane 
- The second tab allow the user to choose the available options among the crane configurations 

that matches all the previous criteria: 
o Fork lift option (final fork lift speed and loading capabilities will depend on it) 
o Ballast reference option and connecting mast section (important to check spacing 

requirement on the field) 
o Final hook height 

A search button is doing an Excel LINQ query with the first tab criteria and show the result in the 
second tab:  

 

 

 

2. Drawing information 
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- In order to have up to date information in the Revit drawing, we created a multiple field tag 
which contains the crane characteristics and load curves: 

 

 

- By using symbolic circles in 2D plan view, we clarify the crane interferences and indicate which 
one is above the over: 
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- Graphical charter is also a big deal: due to a communication issue, the site installation layout 
must reflect the identity of VINCI CONSTRUCTION FRANCE. That’s why we use object styles 
features in Revit which enable us personalize color in the Revit Project without touching the 
family:  

 

 

3. Data management and maintenance 
 

The tricky task in creating the tower crane family was to implement load curve information. First we 
tried to use conditional statement in the family parameter formula: it works but it is very tedious to 
implement and not really easy to maintain.   
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Then we decided to use the Lookup table feature available in the family editor: this tool enable us to 
store the load curves information in a more structured way in a .csv file. Then in the Revit parameter 
formula we can query specific information depending on parameter values (for example we can get the 
load according to the fork lift position and the crane jib length):  

 

 

This method works well but not very flexible: we can only deal with dimensional parameter (Text type 
parameter are not allowed for example) and we have to take care of the units.  Furthermore, data are 
still embedded into the family, which means not sharable outside of Revit.  



Create Complex Building Site Tools with Revit Families and API 

 
 65 

 

 

We finally tried the last method which provides much more flexibility and maintainability: all the data 
information are stored outside of the Revit family (Excel file but it can be a more sharable database like 
SQL Server) and a specific plugin has been created query the expected information and fill in the empty 
load parameters in Revit with the corresponding data:  

 

 

4. Family maintenance by creating generic components 
 

We also decided to make the tower crane highly parametric in order to maintain less families and to 
handle all standards and specific cases in only one family component. Therefore each piece of the crane 
has a bunch of dimension parameters and/or visibility settings:  
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5.2 Safety platform 

 

The global requirements specification for this equipment library are:  

1. Include all the features which enable our engineers to realize safety layout drawing  
These features are platform foots/extension rules, minimum space requirement from the 
façade, etc. 
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FIGURE 50 SAFETY PLATFORM LAYOUT PLAN 

 

FIGURE 51 SAFETY PLATFORM LAYOUT FEATURES 

 

2. Include building site safety and circulation rules  
Like falling curves, safety railings, rear extension:  
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3. Include lifting rings position  
In order to check if the safety platform can be released 

 

4. Create a friendly user interface 
 

Because this equipment is highly parametric, we took the decision to develop a user interface with Revit 
API.  
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FIGURE 52 PANEL PROPERTIES REPLACEMENT BY A FRIENDLIER UI 

 

A tab organization has been made in order to minimize the window application. A thematic classification 
has been done:  

- Tab 1: General dimensions (global length, modules, end and rear extensions): 

 

- Tab 2: Angular-end extensions and angled side: 
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- Tab 3: Platform foot (foot extension, lower spacer, and extensible lower U): 

 

- Tab 4: Locking system at platform’s ends (fixed or removable): 
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- Tab 5: Other options like lifting rings position, vertical or sloping grid:  

 

 

Through logical path and cascading choices, the UI helps engineers make the best and safety solution. 
For example the user can enter the total platform length and as a result the UI will suggest the available 
modules. The user can also increment the left or right extension, and the opposite extension will 
decrement in order to respect the total length: 
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FIGURE 53 CASCADING CHOICES WHICH GUIDE USER STEP BY STEP 

 

 

5.3 Shoring tower 

 

The global requirements specification for this equipment library are:  

1. Tower accessibility:  
The level of details in 3D and 2D must be enough in order to indicate the tower entry – it is 
often materialized by a special frame – in order to check circulations depending on its position 
and environment:  
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2. Setup and takedown time:  
This information is stored into Revit parameters and vary depending on the tower height 
(Formula use). This information is relevant for planning purpose 
 

3. Presence of safety accessories 
Safety railings, trapdoor platform position, and presence of bracings: this is important to be 
compliant with the safety and accessibility standards and to be sure that nothing is missing 
during the delivery:   

 

4. Parts scheduling 
Because shoring tower are composed of many parts, it is sometimes difficult to deliver an 
accurate scheduling based on a shoring layout plan. With Revit, it is possible to get this quantity 
either with shared nested family or shared parameter conditional values: 
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5. User interface 
 

We also choose a tab organization within the user interface in order to have a thematic user 
input classification:  

- Tab 1:  used to choose the number of legs, the height of fork bottom, and the distribution of 
distance between base jack and fork:  
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- Tab 2:  used to apply the general footprint dimensions: 

 

 
- Tab 3: used to define the individual fork extension or retraction. A number identify on which 

fork we are working on. If the extension is greater than a specific distance, a brace is 
automatically placed:   
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- Tab 4: Same logic is applied for the base jack:  
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- Tab 5: we can add extensions by picking the side and choose one of the available length in the 
combo box:  

 

 

6. Deal with frames superposition 
 

The tricky part on creating the shoring tower family was to show/hide tower frames depending on 
the height of fork bottom. Two ways have been tested:  

- First method: Relate family visibility parameter to formula: for each level, the frame’s visibility 
property value is set to a formula. This formula specify if the visibility parameter is checked or 
not depending on the height of fork bottom 
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- Second method: use of the array command: this method happens to be simpler (less formula 
and visibility settings). We separate from the array the first level (because an array is a minimum 
of two items) and the final level (because the last level always differ from the common level). All 
the common level are placed in a array and Revit let us link the number of items in the array to a 
family parameter: 
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5.4 Wall formwork 

The global requirements specification for this equipment library are:  

 

1. The exact space requirement  
This prevent panel or gate collision during the sequencing:  

 

2. The exact tightening device positioning 
This prevent collision with concrete reinforcement for example 

 

3. Gate and/or panel visibility option 
This happens when the equipment is used in space restricted conditions (like corridor) or to 
form only one face of a concrete wall: 
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4. Detail scheduling day by day  
Daily scheduling formwork accessories and global linear helps engineers calculate delivery and 
crane activity. In France wall formwork is mainly composed of accessories only liftable by crane 
that’s why it represents almost 60 % of the crane activity. Example of formwork parts scheduled 
are:  

o Negative mold units 
o Panels, forming strip, stop-end supports 
o Number of interior and exterior angles and their length compensation 
o Panels assembly and disassembly  frequency 
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5. Level of details 
It is important to plan the visibility level of details because in a Revit Project, wall formwork 
family manipulation can be really time-consuming. Ideally, in the coarse visibility mode, you 
must keep only the relevant informations for placement if you do not want to have performance 
issues during the drawing process: 
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6. Maintainability by creating generic components 
Because wall formworks across different manufacturers is composed of a lots of similar modules 
- that can vary by height, length, thickness or position - we decided to use a generic component, 
i.e. a single family file (.rfa) which covers all the cases:  

 

 

The data is stored in an Excel file and we can generate all the modules and superposition at once 
with the Revit family catalog creation feature (this also could be done using the API):  
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6 What’s the next step 

In this chapter, I will talk about all the subjects we are just starting looking at, but we think they will 
significantly help furthermore our process, anticipation and productivity.  

 

6.1 Connection to our internal purchasing division and equipment suppliers database 

 

We want to migrate our classical local user Excel Database to SQL Server database in order to maintain a 
unique database between VINCI CONSTRUCTION FRANCE subsidiaries, our internal purchasing division 
and external equipment suppliers’ database.  

Today equipment suppliers are not using Revit but they are aware of our workflow and our needs and 
their design offices are really interested in the time that could be saved during the costing study. In the 
future we plan to work on a win-win partnership: suppliers would be responsible of the Revit library 
creation while following our specification.  

Furthermore, our internal purchasing division deals with a lot of construction site deliveries working at 
the same time and spread other the territory. It could be interested for them to know in real time if the 
equipment will be available during a specific date range and for the specific quantity ordered, based on 
the building site planning and the detailed sequencing drawings.  

 

6.2 Automatic wall formwork and shoring sheet layout creation 
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We have already worked on a plugin which automatically insert wall formwork module based on a daily 
wall sequencing drawing (made by using Revit Phase module). This plugin can read the exact length of a 
wall to pour picked on the drawing and suggests a list of available formwork modules that day. After the 
user make his choice, the plugin then insert the modules according to supplier’s rules (warning 
messages appears if it can’t explaining the reasons). Modules insertion is facilitated by reading the wall 
information (with, position, previous sequenced wall next to it) and automatically applying it to the 
formwork family (for example wall thickness value is copied into the panels spread property).  
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The same idea will be applied to the shoring towers. We plan to develop a plugin which reads the slab 
and wall boundaries information (both vertically and horizontally) in order to automatically position 
scaffolds while complying with providers’ requirements and Vinci’s security rules.   
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6.3 Lifting crane analysis 

 

This analysis is used to be done manually in AutoCAD and with a calculator. Julien Benoit posted an 
interesting subject on his blog (https://aecuandme.wordpress.com/) where he explains how to make a 
structural framing weight analysis with Dynamo and Revit in a single click.  

The idea is to read the crane family data once it is inserted (load curves, position) in order to check for 
each individual structural framing if it is liftable or not. This analysis helps us optimize the crane position 
by automatically calculating the crane activity depending on that position. It also helps us produce 
construction method plans with different color about whether it is precast or cast in place.  

https://aecuandme.wordpress.com/
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6.4 Packing and space requirement calculation 

 

The equipment pieces ordered are delivered on the building site in trails and cradles. The suppliers 
packaging rules are well documented so that it is possible to automatically deduce the space 
requirement for the materiel storage delivery. This anticipation allows a better site organization by 
better plan storage area:   
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6.5 Equipment documentation 

 

To produce equipment documentation, Revit provides two useful functionalities:  

- The ability to embed images into an instance or a type parameter and get this image on the 
drawing sheets though schedules. It helps us produce more user friendly and understandable 
quantification tables by adding a kind of “Legend” feature:  
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FIGURE 54 SCHEDULE WITH IMAGES EMBEDDED 

 

- The assembly command feature (new since Revit 2013) helps us isolate and generate multiple 
views (3D, plan, section, even schedules) at once of a single Revit assembly:  
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FIGURE 55 USE OF THE ASSEMBLY VIEWS TO PRODUCE EQUIPMENT DOCUMENTATION 

 

We plan to enhance this great feature thanks to the API in order to add specific annotations 
automatically (like safety platform extension for example):  
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6.6 4D Animation for better visualization and understanding 

 

The aim is to explain to our client or the building site workers the construction process. To do so, we are 
more and more testing Revit connection to 4D software visualization (like Synchro Ltd, Navisworks, 3DS 
max). We just started writing a document that sum up Revit library requirements in order to reuse parts 
of the components and animate it: for example it is required to separate moving parts before exporting 
or to assign specific materials).  

 

 


